Conventional buildings are mainly designed based on elastic analysis of structures subjected to moderate earthquakes. In this case, the seismic forces are much smaller than the forces introduced by strong ground motions with the considered structural behavior going to nonlinear response during these severe earthquakes. Improving the earthquake resistance of reinforced concrete buildings using a variety of earthquake energy dissipation systems has received considerable attention in recent years by civil engineers. In the present study, a nonlinear computational scheme was developed to predict the complete nonlinear dynamic response of reinforced concrete framed buildings equipped with viscous damper device subjected to earthquake excitation. A finite element program code is developed based on the nonlinear analysis procedure of reinforced concrete buildings equipped with viscous damper devices and a two dimensional, five story models of RC buildings subjected to earthquake were analyzed. Result of nonlinear analysis of RC buildings which furnished by viscous dampers indicated that using of viscous dampers effectively reduced the damages occurring in the building and structural motion during severe earthquakes.
Introduction
The nonlinear response and failure mechanism of buildings are taken into consideration by many researchers for the assessment and retrofitting of buildings in recent years. Hence the response spectrum of a building is a good choice for evaluating the seismic response of the structure and nonlinear dynamic analysis provides valuable insight into the full-range of behavior and response of the structure.
The progress of the three dimensional inelastic analysis has been rather slow because of the complicated interactions of bending moment, axial force, and shear in columns in multistory buildings; therefore a lot of effort has been made to accelerate the nonlinear dynamic analysis. Bockholt in 1974 developed the inelastic dynamic analysis of three-dimensional multistory buildings [1] . Emori (1980) adopted the simple assumptions and analytical procedures to reduced the difficulty and complication of inelastic dynamic analysis procedure for reinforced concrete structures and the results were reasonably close to the experimental results [2] . In 1992 Liou introduced a simplified stick model for the nonlinear dynamic analysis of a building based on the strong column-weak beam design philosophy [3] .
Recently many investigations have been done for the dynamic response of buildings which are equipped with dampers. Over two past decades, the passive earthquake energy dissipation system and damper devices were introduced as a new retrofitting method which reduced the response of building under high seismic excitation. [4, 5] . Passive dampers are widely used for increasing the dynamic response of buildings because of low cost and minimal maintenance [4] . In 1996 Soda used various types of dampers for single degree of freedom systems and concluded that only viscous damping can reduce the displacement of the model subject to large plastic deformation. Also visco-elastic dampers were improving the ultimate seismic stability of ten degree of freedom shear models more than other conventional seismic strengthening [6] .
In 2003 Tezcan used the viscoelastic dampers as energy-absorbing devices to reduce earthquake response of plane frame buildings, the response of building was determined by using time history analysis and specified that the viscoelastic dampers reduced the seismic response of structures in an extremely efficient way [7] . Rodrigo analyzed buildings which were retrofitted with linear and nonlinear VS dampers. The results showed that the maximum force experienced by the dampers in the nonlinear case may be decreased in comparison with the linear retrofitting case for the same structural seismic performance [8] . Hwang performed an experimental work on the effectiveness of applying viscous dampers to reinforced concrete moment resisting buildings and found that viscous dampers were effective in controlling the seismic responses of buildings [9] . So many investigations have been done on the effect of viscous dampers on the seismic response of buildings, but nonlinear behavior of reinforced concrete structure with viscous damper device during earthquake has not been well-understood and it requires more study. In this paper an effort was made to evaluate the nonlinear response of reinforced concrete buildings with supplemental viscous dampers during earthquake and study the effect of damper damping coefficient on section plastic hinges and displacement of structure in earthquake excitation. For this purpose 5-story framed buildings were considered and modeled and seismic motion of the structure with and without implementation of viscous damper devices were investigated.
Analysis of 5-story RC model
A two dimensional 5-story reinforced concrete framed structure model as shown in Fig. 1 subjected to North-South Component Elcentro earthquake record (1942-USA) was considered and nonlinear analysis was performed using a finite element program. The geometric properties of the model, loads and material properties of sections are shown in Fig. 1 . For evaluation of the effect of damper damping coefficient in response of the buildings during earthquake, nonlinear analysis was carried out for different damper damping coefficients (C) and the results were compared. The node which is located in the top floor (level 5) was chosen as a target node for assessing the movement of the structure (horizontal and vertical displacement) during earthquake. After Viscous damper elements were then added to each story of the structure and nonlinear analysis of the model under earthquake excitation was carried out. Fig. 3 is shown the location of supplemental dampers on the frame. 
Result and discussion
The framed structure with and without dampers were analyzed using a finite element program [10] . The retrofitted frame analyzed with different damping coefficient and the numbers of plastic hinges which occurred during earthquake excitation for different damper damping coefficient are shown in Fig. 4 . According to the plot, 16 plastic hinges occurred in the building without any viscous damper devices (C=0). By increasing of damper damping coefficient, the number of plastic hinges were reduced at damping coefficient equal to 350 N.sec/mm, and there was no plastic hinge in the structure. So the numbers of plastic hinges were reduced by increasing the damper coefficient of the dampers and by using damper with C equal to 350 N.sec/mm, the structure would be safe during earthquake excitation. The horizontal displacement of target node during earthquake excitation is shown in Fig. 5 . The dotted curve indicates structural movements without using viscous damper device (C=0) and the solid curve shows the target node displacement in retrofitted structure with viscous damping coefficient of 350 N.sec/mm. It was clear that by using viscous damper devices, earthquake load and structure shaking were reduced effectively. So the application of this kind of earthquake energy dissipation system was reduced by 64% of the positive peak movement of the RC structure. Also peak negative displacement was reduced from 33.9mm in the structure without viscous dampers in a time of 1.89 sec to 10.2 mm in the structure with installed damper device, which indicated a 70% reduction in peak negative horizontal displacement. Time history vertical displacement of target node during earthquake was plotted in Fig. 6 . Similar to the previous Fig., the plot showed that using viscous damper devices effectively reduced structural movement in the The maximum displacements of target node in both directions of earthquake excitation (positive and negative) are shown in Fig. 7 for different damper damping coefficients. The maximum displacement amplitude was related to damper damping coefficient equal to zero (structure without damper system) and the minimum displacement amplitude occurred in damper damping coefficient equal 350 N.sec/mm. It was obvious in the plot clearly that by increasing the damper damping coefficients, displacement amplitude and vibration of structure were reduced. Hence the results showed that the damper device effectively reduced seismic response of reinforced concrete framed structure and this system can successfully protect the buildings during severe earthquakes.
Conclusion
In this paper the seismic response of reinforced concrete framed buildings equipped with viscous damper devices was investigated and the effect of viscous damper parameters in the motion of the building during earthquake excitation was evaluated. A finite element program was used for nonlinear dynamic analysis of the model and results in terms of sections plastic hinges and structure displacement is studied. For this purpose a two dimensional 5 story reinforced concrete building is considered and modeled and viscous damper devices are added to each story level in order to retrofit the structure. After performing the nonlinear analysis, the result showed that:
i. Implementation of damper devices reduced the plastic hinges occurring in the framed structure sections. ii. By increasing the damper damping coefficients, movements of the structure were reduced by around 64% to 70% for horizontal displacement and 50% to 55% for vertical displacement during earthquake excitation. So the application of viscous dampers effectively dissipated earthquake energy and reduced shaking of the building. iii. Increase of damper damping coefficients effectively reduced vibration amplitudes.
